Regional CBF (rCBF) was measured quanti tatively using the inert-gas washout technique with xenon-133 and single-photon emission computed tomog
raphy. Tomographic data were reconstructed by filtered back projection, and flow was calculated according to the double-integral method, Ninety-seven subjects ranging in age from 20 to 59 years received a single examination; eight of these received a second examination within 1 h of the first; seven others received a second examination separated from the first by 1-10 days. Transverse-section images were obtained at 2, 6, and 10 cm above and par allel to the canthomeatal line (CML). Cortical gray matter flows were obtained from 12 brain regions in the slice 6
The measurement of regional CBF (rCBF) in hu mans began with the pioneering work of Kety and Schmidt (1945) in which they employed the nitrous oxide method to measure mean hemispheric blood flow. A decade later, Lassen and lngvar (196 1) adapted this technique to the external detection of radioactive inert-gas tracers, namely 85Kr. By using multiple detectors, multiple brain regions could be examined for abnormalities in rCBF. Advances in tracer technology led to the widespread use of 1 33 Xe in place of 8 5Kr, while advances in detectors, col limation, and data analysis led to ever increasing number of probes (up to 254) and thus regions of brain subjected to rCBF analysis (Veall and Mallett, 1966; Obrist et aI., 1975; Risberg et aI., 1975; lngvar, 1976; Sveinsdottir et aI., 1977; Lassen et aI. , 1978) . cm above the CML, and cerebellar and inferior cerebral gray matter flows were obtained from 4 regions in the slice 2 cm above the CML. Mean gray matter flow was 72 ± 12 mllmin/l00 g, with highest flows in the parietal lobes and visual cortex. No significant differences in rCBF occurred when a second study followed the first by 30 min to lO days, Right-sided rCBF was slightly higher than left in all regions except frontal and parietal lobes where there was no difference. Flow was higher in women than in men and declined mildly with age for both sexes (slope = -0.33 mllmin/lOO g/year; p < 0.05). Key Words: Regional cerebral blood flow-Single-photon emission computed tomography-Xenon-133.
Despite significant advances in probe technology, the measurement of rCBF to deep brain structures and the transverse discrimination of regional flow values were unavailable. This restriction was re lieved by the introduction of tomographic imaging techniques to measure rCBF. These were developed along three lines. Stokely et al. (1980) developed single-photon emission computed tomography (SPECT) instrumentation to perform inert-gas washout measurements of rCBF in a manner anal ogous to earlier probe studies. During the same pe riod, another device designed to do both single photon and positron measurements of rCBF was developed by Kanno et aI. (198 1) . Recently, stati cally distributed radiopharmaceuticals have been developed that can also be used in combination with SPECT systems to estimate rCBF (Winchell et aI., 1980; Hill et aI., 1982; Kuhl et aI., 1982; Devous et aI., 1983; Kung et aI., 1983) . Separately, stable xenon-enhanced x-ray computed tomography (CT), as described by Drayer et al. (1978) , has been used to obtain both rCBF and regional xenon partition coefficients in humans. Finally, positron tomog raphy has been used with a variety of tracers to measure human reBF (Yamamoto et aI. , 1977; Lenzi et aI. , 1978; Holden et aI. , 198 I; Madsen et aI., 198 1; Phelps et aI., 1982) . The work of Yama moto and colleagues with 77Kr was the first tomo graphic measurement of reBF (Yamamoto et aI. , 1977) .
This article reports our measurements of normal reBF values using 1 33 Xe SPEeT. Quantitative values, dependence on age and sex, intra-and in terindividual variability, and reproducibility are re ported. In addition, our measurements are com pared with those obtained by other tomographic and nontomographic procedures.
METHODS

Instrumentation
rCBF was measured quantitatively using the To mo matic 64 SPECT (Medimatic A/S, Copenhagen, Den mark), as described in detail by Stokely et al. (1980) . It consists of four detector arrays, each containing 16 NaI(T l) scintillation crystals. The arrays are mounted in a hollow-square configuration that rotates around the subject's head at 6 rpm. Special focused collimators de fine three transverse tomographic sections with centers 4 cm apart. 133Xe is administered in an air/oxygen mixture by inhalation during the first minute of a 4-min washinl washout procedure. The patient breathes room air during the remaining 3 min of the study. During the 4-min mea surement period, activity in the lung is monitored by a scintillation probe placed on the patient's chest, and this activity is assumed to correspond to the arterial blood concentration of I33Xe in the brain. Detected radiation data are transmitted through an optical link to a Univac V77 computer, which generates the three tomographic sections by filtered back projection with attenuation cor rection according to the method of Kay and Keyes (1975) . rCBF (mlimin/l00 g) is calculated according to the double-integral method described by Kanno and Lassen (1979) , Celsis et al. (1981) , and Smith et al. (1984) .
Voxel flow values are displayed in a 64 x 64 matrix employing a 16-shade scale that can be normalized to the highest flow value. System resolution (full width at half maximum) as measured with a 133Xe line source in water varies from 1.7 cm in the center of each slice to 1.0 cm at the edge transversely. The focusing collimator design (Stokely et aI., 1980) keeps axial resolution almost con stant at 1.9 cm. System sensitivity measured for 133Xe dissolved in water in a 17-cm diameter cylindrical phantom is 19,700 counts/j-lCi/mlislice. The scatter frac tion is 30-40% for I33Xe.
Subjects
Ninety-seven volunteers with normal medical histories and without previous evidence of neurologic or psychi atric disorders, head trauma, hypertension, or diabetes were employed. Group I (97 subjects) consisted of 56 men and 41 women from 20 to 59 years of age. Group II (eight subjects) had two examinations with the second exami nation 30-60 min after the first. Group III (seven sub jects) had a second examination separated from the first by 1-10 days. Groups II and III, subsets of group I, were J Cereb Blood Flow Metabol. Vol. 6, No. I, 1986 used to determine measurement reproducibility. Pertinent data comparing these groups are found in Ta ble I.
Study conditions
Subjects were studied supine with eyes open and ears unplugged. The room was dimly lit, and background noise originated primarily from instrument cooling fans. Sub jects breathed through a fitted mouthpiece with nostrils occluded by a spring clamp. Approximately 2 min of adaptation time was allowed prior to initiating the study.
Each subject was asked to take a deep breath at the be ginning of the study. after which no further communica tion occurred. Subjects were positioned in the tomograph so that the three transverse sections were located at 2, 6. and 10 cm above, and parallel to, the canthomeatal line (CML). Positioning was accomplished by marking a ref erence line on the subject's face that was aligned with the tomograph frame. Subjects were not restrained.
Data analysis
rCBF images were transferred from the V77 computer to a Perkin-Elmer 3241 computer. This system, coupled to a Ta los Cybergraph graphics tablet and a 5 I 2 x 5 12 x 8 bit Genisco GCT-3000 frame buffer with a Tektronix 670-A-I color monitor, was used with an interactive graphics software package to obtain rCBF values from images. This analysis scheme has been described in detail by Stokely et al. (1982) . Briefly, rCBF images were scaled, rotated, and translated to match a predefined standard brain outline that included a graphic overlay of regions of interest defined from a CT cross section taken at the same level as the rCBF images. Regional flows and their standard deviations were obtained from frontal, pa rietal, superior temporal . occipital, and central gray matter, as well as white matter and both hemispheres, using the slice 6 em above the CML. Inferior temporal and cerebellar flows were obtained from the slice 2 cm above the CML. The automatic fitting routine produced standard scaling and reproducible areas of interest so that operator intervention (and thus subjective interpretation) had a minimal effect on results.
In paired studies, identical regions of interest were compared between first and second studies for the same individual and analyzed by the paired t test. Regional changes in flow from one study to the other were consid ered significant only when the p value was �0.05.
Simulation study
During the analysis of paired volunteer studies, a ques tion arose as to the adequacy of background activity cor rections in the algorithm as employed in the Tomomatic Values are means ± SO.
Group II Group III 31 ± 9 122 ± 6 71 ± 5 41 ± 7 41 ± 4 3 M, 5 F 8 30 ± 10 122 ± 9 84 ± 10 34 ± 8 36 ± 4 2 M, 5 F 7 64. The To momatic 64 algorithms correct for background activity in the head by taking a background measurement just before data acquisition, but do not automatically cor rect for background activity in the lungs. Therefore, a simulation was conducted according to the methods de scribed by Smith et at. (1984) . Briefly, the double-integral method was applied to computer-simulated brain blood flow data with appropriate attenuation corrections and noise but without including effects of Compton scatter or limited resolution. In this particular simulation, the effect of uncorrected residual background activity present in the lung air curve (which is taken as equivalent to the arterial input function) was evaluated for rCBF values ranging from 30 to 85 mllminl1 00 g.
RESULTS
rCBF was measured by inert-gas washout in a group of 97 medically normal volunteers (56 men and 41 women) with an average age of 33 ± 10 years (range 20-59 years). Blood pressure and end tidal CO2 levels (measured with a Beckman LB-2 gas analyzer) were normal. The subsets used for test/retest reproducibility (groups II and III) were not significantly different in age, blood pressure, or end-tidal CO2 from the group as a whole.
Three slices at 2, 6, and 10 cm above the CML were obtained from each study. Of these, the slice 10 cm above the CML frequently skimmed the su perior surface of the cortical gray matter and was often uninformative. As a result, rCBF data were obtained only from the slices at 2 and 6 cm above the CML. In Fig. 1 are displayed these two slices in first and second studies from four individuals in group III. The orientation of these images is such that nose is up and subject's left is to the reader's left. This is a left/right reversal of the typical CT display and is inherent in the manufacturer's soft ware. The images displayed in Fig. 1 are arranged so that initial and repeat studies of the slice at 2 cm above the CML are shown in the top half, while the corresponding results for the slice 6 cm above the CML are shown in the bottom half. The gray scale is adjusted so that highest flows are shown in white and lowest flows are in dark gray to black. These images are representative of the variety of patterns seen in normal subjects. Note that while interindi vidual variations in rCBF distribution do occur, in traindividual variations from one exam to another are small.
Inferior temporal and cerebellar flows were clearly observed in the slice 2 cm above the CML. Inferior frontal flows were also observed at this level, but they were often contaminated by activity scattering from xenon in the nasal passages and were not included in the analysis. In the midline of this slice, blood flow values corresponding to basal ganglia and other midline structures were observed, but these were not spatially resolved. Low periph eral flows represent skull and scalp laterally and posteriorly, and include the bony orbits anteriorly.
Frontal, parietal, superior temporal, occipital, and central gray matter flows were measured in the slice 6 cm above the CML. In many individuals a nearly continuous ring of cortical gray matter flow was observed just inside the low-flow perimeter. In other individuals the ring was broken, most com monly in the posterior temporal regions and/or in the frontal regions (yielding a "Maltese cross" ap pearance). High flow corresponding to central gray matter was observed in most normal individuals. Highest flows were usually found in the visual cortex.
Pattern variations observed among individuals may be partially due to the use of an external ana tomic reference for head positioning. Positioning in relation to the CML does not account for variations in head size. Therefore, tomographic sections might address different anatomic distributions, although the slice thickness (1. 9 cm) is such that approxi mately the same regions are observed in most in dividuals.
The results of quantitative rCBF determinations in 97 normal volunteers are compared in Ta ble 2 with previously published measurements. In the present study highest flows were found in the pa rietal lobes. The visual cortex, taken as a subdivi sion of the occipital lobe, had the highest flow of any normal region (81 ± 16 mIlmin/lOO g).
Numerous authors report only average hemi spheric gray and white matter flows, and our data are compared with these reports in Ta ble 3. In the present study a mean gray matter flow of 71 ± 12 mllmin/100 g was observed. This is in agreement with most reported values. White matter flows re ported by most investigators are in the range of 20-30 mllmin/lOO g, while in this study they were 59 ± 12 mllmin/100 g. However, these erroneously high white matter flows were expected based on recent simulation and phantom studies of the double-integral method as implemented in the To momatic 64 (see Discussion).
Hemispheric asymmetry in rCBF measured in our normal volunteers is reported in Ta ble 4. The data were analyzed by comparing right versus left flows for each region in each individual using the paired t test. Right flow was higher than left flow at a statistically significant level in temporal, occip ital, central, and hemispheric regions. There was no FIG. 1. Regional CBF images from four normal subjects in tomographic sections 2 and 6 cm above and parallel to the cantho meatal line (CM L). Subjects were studied supine with eyes open and ears unplugged. Two studies separated by 1-10 days are shown for each subject. Lowest flows are in black and highest flows in white. Dark spots at the tops of the 2-cm slices for subjects 1 and 3 are artifacts caused by scatter from 133Xe in the sinuses. significant left/right asymmetry in the frontal or pa rietal lobes or cerebellum.
Te st/retest reproducibility was examined in groups II and III. In group II, two examinations were performed within \ h. In group III, the second test was separated from the first by \-10 days. The results of these studies are reported in Ta ble 5. Sta tistically significant changes were evaluated with Baron et al. (1981) H, 15 0 positron 55 ± 10 61 ± 10 49 ± II
± 17
Values are means ± SD. CT. computed tomography.
<I Values derived from data in the referenced paper and anatomic assignments made by authors of the current study.
h Values represent relative regional I' NH, uptake. not tlow.
J Cereh Blood Flo\\' Metahol, Vol. 6. No. 1. 1986 Values are means ± SO. CT, computed tomography.
a Values derived from data in the referenced paper and anatomic assignments made by authors of the current study.
b Values represent relative regional llNH) uptake, not flow.
the paired t test, exammmg each region for each individual from the first test to the second. No sta tistically significant differences in flow were ob served between studies in group III. In group II, right frontal flow fell while right central flow in creased in a statistically significant manner. These changes could represent accommodation, incom plete correction for 1 33 Xe background, or a statis tical fluke. The data for the second study from group II were corrected for both lung and head background activity. If lung background activity was ignored, flows in the second study were arti ficially elevated at a statistically significant level in left parietal, temporal, central, and hemispheric re gions and in right central and right hemispheric re gions. These data indicate the importance of cor rection for background xenon activity when a second study follows a first within 1 h. Interexam reproducibility is also illustrated in Fig. 1 , where the rCBF pattern was essentially unchanged be tween studies. No significant differences in end tidal CO2 existed between studies in either group. A simulation study was performed to examine the effects of improper lung background correction in a second study. The simulation demonstrated that an uncorrected lung background of 10% of the peak lung activity led to an error in gray matter flow of 50% (Fig. 2) . Even a 3% uncorrected lung back ground led to apparent gray matter flows 10% higher than the correct values.
Quantitative flow values from the 97 normal vol unteers were used to examine changes in rCBF with age and differences in rCBF between sexes. These data were analyzed for all regions and are illustrated for the mean of left and right hemispheric flows in Fig. 3 . Effects of age and differences between sexes were the same in all brain regions, and thus the data shown in Fig. 3 can be taken as typical of data ob- tained from individual regions. rCEF in women was higher than in men at all ages, although this reached statistical significance only in the 20 to 29-(p = 0. 01) and 30 to 39-(p = 0. 03) year-old groups.
There was a tendency for rCEF in women to be greater than rCEF in men in the 40 to 49-(p = 0. 08) and 50 to 59-(p = 0. 10) year-old groups. In women, flow declined with age for all brain regions, with a mean correlation coefficient of 0. 21, slope of -0. 23 ± 0. 06, and intercept of 83 ± 6 mllmin/lOO g. The change was statistically significant only in the left parietal, right parietal, and left occipital lobes and left hemisphere. In men, rCEF declined with age, reaching statistical significance in all regions. The mean correlation coefficient was higher than that of the female group (0. 29), while the intercept was lower (79 ± 5 mllmin/lOO g) (p < 0. 001) and the slope was greater ( -0.38 ± 0. 12) (p = 0.02). Typ ical results showing individual data and regression lines for the left hemisphere are presented in Fig. 4 .
DISCUSSION
rCEF was measured tomographically with 1 33 Xe by the inert-gas washout method. With volunteers supine, eyes open and ears unplugged, highest flows were found in the visual cortex and parietal lobes, and lowest flows were observed in temporal and frontal lobes. Gray matter flows measured in this study were similar to, though somewhat lower than, those measured either by I 33 Xe washout with probes or by x-ray CT with a high concentration of stable xenon. For example, Naritomi et at. (1979) , using I33 Xe and 16 probes, found an average gray matter rCEF of 89 mllmin/lOO g in normal volun teers under the age of 40, while reported 82 mllmin/lOO g using 35% inhaled stable xenon and x-ray CT. However, Amano et at. (1982) , using the same stable xenon technique in the same institution, reported gray matter reBF to be 74 mil min/lOO g in a study published 1 year after that by . Gray matter flow observed in the present study was 72 mllmin/lOO g. The varia tion in average and regional reBF found in the lit erature is most likely the consequence of variations in study conditions, subject selection, and condi tioning. Nevertheless, it has been repeatedly dem onstrated ( Table 2) that cortical reBF has a range of 70-90 mllmin/lOO g and is not substantially dif ferent from region to region. Measurement of reBF by positron tomography produces results that seem to be tracer dependent. Yamamoto et al. (1981) , using inert-gas washout techniques with 77Kr, found regional flows similar to the values reported in this study. Madsen et al. (198 1) compared three positron tracers (lie-labeled methane and acetylene and 1 3 N-labeled N20) with 1 33 Xe washout and obtained similar results with each technique. Their results are also in agreement with those of the present study. However, several investigators employed 150-labeled water to mea- -29, 16/35; 30-39, 8/12; 40-49, 12/6; 50-59, 5/3. sure reBF by positron tomography. Frackowiak et al. (1980) found an average gray matter flow of 65 mllmin/l00 g; Baron et al. (1981) reported 57 mil min/lOO g; and Huang et al. (1981) reported 65 mil min/IOO g. These values are each below those re ported by investigators using other techniques. Only Lenzi et al. (1981) report values using H2150 positron tomography that are in agreement with most nonpositron measurements (73 mllmin/lOO g for subjects under 50 years of age). Several authors have reported a nonlinear relationship between reBF and H20 extraction that leads to an under estimation for flow values >50 mllmin/l00 g (Frac kowiak et at. , 1980; Baron et aI. , 1981; Yamamoto et at. , 1981; Phelps et aI. , 1982) . Partial volume ef fects, which lead to significant overlap of gray and white matter, would also be expected to reduce ap parent gray matter perfusion.
20
Some investigators employing mXe and probe systems have reported highest flows to the frontal lobes (so-called hyperfrontality) (Lassen et aI. , 1978) . This phenomenon was not observed in this
Hales: r = 0.29, p = 0.01, slope = -0.37 Females: r = 0.25, P = 0.05, slope = -0.26 study. Indeed, no tomographic studies of rCBF using any technique have reported frontal lobe flows significantly in excess of flows to other re gions. Greater I33 Xe scatter from sinus cavities is present in frontal lobe measurements than in other regions, and more cortical gray matter mass is in tegrated in the collimator view of the frontal lobe than is observed in laterally oriented lobcs for probe studies. Therefore, hyperfrontality may be a tech nical artifact that is removed by tomographic ap proaches. White matter flows determined in this study are in sharp disagreement with most reported values and are clearly too high. Because final flow values are calculated from a lookup table based only on the total activity in the first 2 min, this method is particularly sensitive to correct assumptions of the gray matter partition coefficient. The current im plementation of this method, as described by Celsis et al. (1981) , assumes a uniform partition coefTicient of 1.0 for gray and white matter. The simulation studies of Smith et al. (1984) have recently dem onstrated that errors in the partition coefficient as sumed by the double-integral method can lead to errors in white matter flow ranging from 7 to 67%. In particular, a 40% overestimate of white matter flow results from assuming the gray matter partition coefficient to be 1. 0 when in reality it is 0. 8.
Simulation studies of Smith et al. (1984) did not account for the effects of Compton scatter and finite resolution. Phantom studies are in progress that will allow for the inclusion of these effects in an analysis of the double-integral method. Preliminary results (Devous et aI. , 1982) imply a sigmoidal relationship between true flow and flow derived by this method such that both low and very high flows are over estimated, while flows between 50 and 100 mIlmin/ 100 g are correctly determined. Compton scatter should most adversely affect low-flow regions since such regions would have the lowest true counts (and thus the largest percentage error from Compton scatter). If white matter activity is in creased by Compton scatter, then thcse regions would be assigned higher than actual flows by the double-integral method. Thus the double-integral method is weak in the measurement of a low-flow area surrounded by high-flow areas. Hoffman et al. (1979) have described the effect of limited resolution on the ability of tomographic sys tems to quantify regional radioactivity distributions (the partial volume effect). The somewhat low rCBF values obtained in positron measurements using H2150 have been attributed in part to partial volume effects. It may also be that partial volume effects account somewhat for the elevated white J Cereb Blood Flow Me/abol, Vol. 6. No. I, 1986 matter flows measured by the inert-gas washout technique. However, it is important to note that the analysis presented by Hoffman et al. (1979) does not completely apply to measurements of rCBF by inert-gas washout, particularly for gray matter. The inert-gas washout technique is most concerned with the rate of change of radioactivity. In the current study these measurements are made only over a 4min time interval. Gray matter uptake of 1 33 Xe is significant during the early time period and washout is rapid. In contrast, white matter uptake during the first minute is slow, and washout during the 4-min imaging interval is minimal. An imaged volume that contained a mixture of white and gray matter would have an activity distribution dominated by uptake in the gray matter during the early time interval, and would be only slightly altered in its washout characteristics during the latest time intervals by uptake in the white matter. Thus, gray matter flows calculated with this technique are affected mini mally by partial volume effects. White matter rCBF determinations, on the other hand, are severely af fected by partial volume effects that include even a small contribution of gray matter. In probe studies, complex clearance curves are fit with a multi com partment model. In the tomographic approach, the bulk of the acquired data is dedicated to providing transverse spatial information, and thus the tem poral resolution of the technique is too limited to allow a multicompartment fit.
Previously published results from our laboratory in patients suffering from stroke (Bonte and Stokely, 1981) , epilepsy (Bonte et aI. , 1983a) , and arteriovenous malformations (Bonte et aI. , 1983h) clearly demonstrate that this technique can detect and quantify low-flow areas, particularly in cortical gray matter. However, it is likely that these low flow areas have true rCBF values that are even lower than observed. It is also important to point out that relative flow relationships have consis tently been correctly determined in human, phantom, and simulation studies. Therefore, al though low flows are overestimated by the double integral method as currently employed, such areas always have flows that are distinguishably lower than those of normal gray matter. It may be that moderate reductions in white matter flow would go undetected. Low-flow areas such as cortical strokes that are not adjacent to high-flow areas should lead to rCBF images that appropriately represent the flow reduction.
A comparison of right/left rCBF asymmetry re vealed that, under the study conditions described, right-sided flows were significantly greater than those on the left side in several regions (Table 4) .
Quantitatively, mean differences were at most 4 mll min/lOO g. Even though average regional flows dif fered very little, these asymmetries were clearly consistent among our normal volunteers (as dem onstrated by the p values obtained from the paired t tests). It may be that the observed asymmetries were a consequence of the study conditions. al though no other literature addressing this question was found to offer a comparison.
Reproducibility of reBF measurements in the same individual was also examined. In volunteers studied twice within 1 h (group II), significantly dif ferent flows were observed during the second study in only the right frontal and right central regions. This could be the result of accommodation or in complete background corrections. An earlier anal ysis of the data from group II without correction for residual lung background activity demonstrated significantly higher flows during the second study in 7 of 17 brain regions analyzed. This artifactual finding was removed by correction for lung back ground activity. The significance of improper lung background correction was investigated in a simu lation study using the techniques of Smith et al. (1984) . It was demonstrated that a 3% lung back ground activity could lead to a 10% overestimate of gray matter flows (Fig. 2) . Another paired study was conducted (group Ill) in which two examina tions were separated by 1-10 days. In this group no significant differences were observed in any re gion between the two studies. Therefore, reBF measurements are reproducible in an individual, al though the technique used in this study requires correction for both brain and lung mXe background if a second study is conducted within 1 h of the first.
reBF declined with age in normal volunteers. It was nearly constant in both sexes from 20 to 40 years of age and showed its most substantial decline after 50 years of age ( Fig. 3) . reBF was higher in women than in men at all ages, but the difference was statistically significant only in the 20 to 29-and 30 to 39-year-old groups. However, the difference approached significance in the two oldest decades. The rate of flow decline was slightly higher and the slope was lower for men than women (Fig. 4) .
In summary, the normal distribution of reBF was measured in 97 normal volunteers. Gray matter flows generally agreed with published values ob tained by other techniques, with the exception of positron tomography employing H2 1 50. Highest flows were found in the visual cortex and parietal lobes in supine subjects studied with eyes and ears open. Right-sided flows were slightly higher than left-sided flows except in the frontal and parietal lobes. reBF measurements were reproducible among individuals. The double-integral method sig nificantly overestimates white matter flows owing to the choice of a fixed partition coefficient (1.0) for all tissues, photon scatter, and limited resolution (partial volume effects). reBF was higher in women than in men and declined with age for both sexes.
